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Obesity and vitamin D deficiency are both considered risk factors for mortality, but the potential additive effects of vitamin D status and obesity on mortality has not been well-studied. We aimed to examine the possible additive effects of obesity and vitamin D status on all-cause and cause-specific mortality. The data from the NHANES III (1988–1994) and NHANES 2001–2014 surveys were used, and multivariate Cox regression models were performed to assess the additive effects of vitamin D status and overweight/obesity/abdominal obesity on the all-cause, cardiovascular and cancer mortality, by stratifying Cox Hazard Ratios (HRs) across different categories of vitamin D status and body mass index (BMI) and waist circumference (WC) categories. The models were adjusted for age, race/ethnicity, gender, educational level, family income to poverty ratio, leisure-time physical activity, smoking, and drinking. Across all BMI/WC categories, there was an additive effect of the vitamin D both insufficiency and deficiency on all mortality rates, with deficiency having much stronger effect than insufficiency. Interestingly, the effect of vitamin D deficiency overcame the effect of obesity on all mortality rates. The highest HRs for overall and cardiovascular mortality were observed among vitamin D deficient obese/abdominally obese subjects, while for cancer mortality among vitamin D deficient normal weight/non-abdominally obese subjects. In stratified analyses, regarding all-cause mortality, there was an additive effect of the vitamin D both insufficiency and deficiency in all BMI/WC categories. Regarding cardiovascular mortality, there was an additive effect of vitamin D deficiency in all BMI/WC categories, but the additive effect of vitamin D insufficiency reached significance only in normal weight subjects. Regarding cancer mortality, the effect did not reach significance among obese subjects for vitamin D deficiency, while for insufficiency, significance was reached only among non-abdominally obese subjects. Interestingly, vitamin D surplus was associated with increased risk for cancer mortality in obese subjects, but there was an inadequate number of subjects in this category to make proper judgment. In conclusion, vitamin D insufficiency and deficiency gradually increase risk for mortality across all BMI/WC categories. In our analyses, vitamin D deficiency overcame the effect of obesity on mortality rates.
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Introduction

Vitamin D, as an essential micronutrient, has pleiotropic skeletal and non-skeletal actions, including its anti-inflammatory, anti-proliferative, anti-oxidative, and immunomodulatory effects (1). An increasing number of studies have shown that vitamin D deficiency is associated with obesity and metabolic disorders related to obesity (2–4). Compared with normal weight subjects, obese subjects are more likely to have vitamin D deficiency, most probably due to volumetric dilution, even though other mechanisms also could have a role (5, 6). Currently, hypovitaminosis D is observed at high rates, most probably because of the modern lifestyle, but some argue that this may be also due to the high global obesity prevalence (5, 7).

Obesity and vitamin D deficiency are now considered major public health problems worldwide (2). Recent meta-analyses and systematic review studies proposed that vitamin D deficiency may be associated with mortality, including all-cause mortality and cause-specific mortality (8–10). According to previous studies, vitamin D deficiency may be more significantly associated with cardiovascular diseases (CVD) and was also closely related to some carcinoma types (11–13). Low levels of circulating 25-hydroxy-vitamin D [25(OH)D] may be associated with an increased risk of CVD, especially recurrent CVD events and CVD mortality (14). Meanwhile, the global prevalence of obesity is also rising, and CVD is one of the main causes of death among the obese (15). Additionally, obesity or serum vitamin D level may affect the severity or mortality of some diseases. For example, some research results showed that the incidence and mortality of novel coronavirus disease 2019 (COVID-19) were higher in several European countries with high latitude or high obesity prevalence (16). In some specific populations, such as menopausal women, it has been shown that the relationship between vitamin D levels and mortality may differ among participants with different body mass index (BMI) or waist circumference (WC), but there was no similar conclusion in the general population (17, 18). These studies all implied that vitamin D or obesity not only independently have an effect on mortality, but also there may be a potential additive effect between them. However, the potential additive effect of serum vitamin D status and obesity on mortality has not been well-studied.

We aimed to examine in detail the possible additive effect of obesity and vitamin D status [assessed through serum 25(OH)D concentration] with regard to all-cause and cause-specific mortality, using the data from National Health and Nutrition Examination Surveys (NHANES), large scale surveys conducted in the United States (19).



Materials and methods

The National Health and Nutrition Examination Survey (NHANES) is a nationally representative survey administered by the National Center for Health Statistics division of the Centers for Disease Control and Prevention and US Department of Agriculture. The NHANES utilizes a multistage, stratified area probability sampling design to select participants representative of the US population, and combines in-person interviews and physical examinations via a mobile examination center to collect data (20). NHANES was approved by the institutional review board of the National Center of Health Statistics. All participants provided written informed consent.

Data were analyzed from NHANES III (1988–1994) and NHANES 2001–2014. The average follow-up time was 11.9 years. Considering age-related reductions in lean muscle mass and subclinical disorders which may affect body weight, the analysis samples were limited to participants aged 20–79 years, without pregnancy and with complete data on BMI, WC, serum 25(OH)D concentrations and survival during follow-up (21).


Body measurements

In the current study, we classified participants as underweight (BMI < 18.5 kg/m2), normal weight (BMI = 18.5–24.9 kg/m2), overweight (BMI = 25.0–29.9 kg/m2), and obese (BMI ≥ 30 kg/m2) groups according to BMI (22). Abdominal obesity was defined as WC ≥ 102 cm for men and WC ≥ 88 cm for women (23).



Serum 25(OH)D concentration

Serum 25(OH)D concentrations are considered to be the most reliable index of vitamin D status. Serum 25(OH)D concentrations were measured by DiaSorin radioimmunoassay kit (Stillwater, MN) in the NHANES III (1988–1994) and NHANES 2001–2006, and then were determined by a standardized liquid chromatography–tandem mass spectrometry (LC-MS/MS) method (24). Serum [25(OH)D] data from NHANES III (1988–1994) and NHANES 2001–2006 have been converted by using regression to equivalent 25(OH)D measurements from a standardized LC-MS/MS method and we used the LC-MS/MS-equivalent data for all analyses as recommended by analytical guidelines (24). According to serum25(OH)D concentrations and the US Institute of Medicine (IOM) guidelines from 2011, the vitamin D status was categorized into deficiency (<12.0 ng/mL), insufficiency (12.0–19.9 ng/mL), sufficiency (20.0–50 ng/mL) and possibly harmful (>50 ng/ml) (25). Nevertheless, according to the Endocrine Society guidelines form 2011, vitamin D deficiency was defined as serum levels of 25(OH)D < 20 ng/mL, insufficiency as levels 20–30 ng/mL, while levels ≥ 30 ng/ml were characterized as the normal range (26). In our study we used the more strict IOM definitions (27).



Outcomes

Mortality related information for all causes and specific diseases was obtained by linking to the National Death Index as at December 31, 2015. Outcomes were classified using ICD-10 codes. CVD mortality codes include: ICD-10 codes I00–I09, I11, I13, I20–I51, or I60–I69, and cancer mortality codes include: ICD-10 codes C00–C97. Because the deaths due to CVD were not available on US National Death Index matched mortality dataset after December 31, 2011, we only included participants from NHANES III and NHANES 2001–2010 for CVD mortality.



Covariates

In the surveys, the self-reported data were collected on age, race/ethnicity, gender, educational level, ratio of family income to poverty, leisure-time physical activity, smoking, and drinking (3). Leisure-time physical activity was divided into three groups: inactive group (no leisure time physical activity), moderately active group (leisure time moderate physical activity 1–5 times per week or leisure-time vigorous physical activity 1–3 times per week), active group: more moderate or vigorous leisure time physical activity than above (28). The smoking status was categorized into “never,” “former,” or “current smoker.” Never smoker was defined as smoking never or less than 100 cigarettes in life. Former smoker was defined as smoking more than 100 cigarettes in life but no smoking temporally, while current smokers were those who reported temporally smoking cigarettes “every day” or “some days” (29). Diet and alcohol consumption related data were from 24-h dietary recalls (only day 1 recall was included). Drinking was grouped according to the dietary guidelines for American residents (30).



Statistical analysis

For continuous and categorical variables, respectively, the analysis of variance and Pearson χ2 test were performed. In addition, the Bonferroni method post-hoc tests were made in analysis of variance, and P-value was corrected for multiple comparisons by the Bonferroni method. A post-hoc power analysis was also performed in our study and the result was satisfactory (power > 0.9). We used multiple imputation based on chained equations (MICE) to impute the missing data of covariates, but we also performed analyses with excluded all subjects who miss any of the main covariates (data presented in Supplementary material).

In our study, Cox proportional hazard regression models were used to estimate the hazard ratios (HR) and 95% confidence intervals (95% CI) for outcomes. Due to the rare number of underweight participants, we only performed descriptive statistics for them. The models were adjusted age, race/ethnicity, gender, educational level, family income to poverty ratio, leisure-time physical activity, smoking and drinking. To see the additive effects on mortality, we stratified Cox Hazard Ratios (HRs) across different categories of BMI/WC and vitamin D status. Reference groups were vitamin D sufficient, normal weight and not abdominally obese. Additionally, in supplementary multivariate models in Supplementary Table 4 (Supplementary Models 1–3) we also included as covariates dietary supplement use, polyunsaturated fatty acid intake, calcium and magnesium intake (Supplementary Table 4 in Supplementary Model 1), healthy eating index (HEI) (Supplementary Table 4 in Supplementary Model 2) or specific foods intake in HEI scores (Supplementary Table 4 in Supplementary Model 3) (HEI-1995 for NHANES 1988–1994 and HEI-2015 for NHANES 2001–2014), since those dietary factors have been shown to interact with associations of vitamin D status with mortality (31–34). Considering that vitamin D status is associated with renal function, we also further adjusted our main model for kidney function, estimated by the glomerular filtration rate (Supplementary Table 4 in Supplementary Model 4) (35). We also repeated the main analyses after excluding the participants with missing data on any of the main covariates (age, gender, race, educational level, ratio of family income to poverty, leisure-time physical activity, smoking, and drinking). All analyses were performed using Stata software (version 16). Gpower software (version 3.1) was used for power analysis. Two-sided P < 0.05 was considered for statistical significance.




Results


Population characteristics

The baseline characteristics of the participants form NHANES III and NHANES 2001–2014 were shown in Table 1. The average follow-up time was 11.9 years. We included 40058 participants aged 20–79 who were not pregnant and had no missing data on BMI, WC, serum 25(OH)D concentrations and survival. The flow chart and the comparison of baseline characteristics between excluded and included participants can be seen in Supplementary Figure 1 and Supplementary Table 1, respectively.


TABLE 1    Baseline characteristics of participants from US National Health and Nutrition Examination Survey (US NHANES) III and 2001–2014.
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Among the 40,058 participants, just 1.6% were underweight, while other BMI categories were quite equally represented. However, there were significant gender differences regarding obesity and overweight prevalence: among females, the majority were obese (37.2%), and among males, the majority were overweight (39.9%). The highest proportion of obese was among non-Hispanic Blacks (40.2%), then Mexican American (33.8%), while the highest proportion of overweight was among Mexican American (39.2%), then non-Hispanic Whites (34.0%). In total, both Mexican Americans and non-Hispanic Blacks had the highest proportion of subjects with overweight/obesity. Interestingly, regarding education and family income-poverty ratio, there was no huge difference, but regarding leisure time physical activity, smoking and alcohol consumption, the lowest proportion of obese was among physically active, current smokers and those who consumed more that 14 g alcohol per day.

Abdominal obesity was present in half of the overweight subjects and in almost all of the obese subjects (95.7%).

In total, vitamin D deficiency [serum 25(OH)D < 12 ng/mL] was present in 6.0% of subjects, while insufficiency [serum 25(OH)D 12.0–19.9 ng/mL] was present in 22.9% of subjects. Among vitamin D deficient and insufficient subjects, there was the highest proportion of obese subjects (44.7 and 39.2%, respectively), then overweight subjects (27.3 and 33.4%, respectively), which means that among vitamin D deficient and insufficient subjects, respectively, 72.0 and 72.6% were with BMI ≥ 25 kg/m2. Interestingly, in both obese and underweight subjects, the proportion of vitamin D deficiency or insufficiency was higher than in normal weight or overweight group.



Multivariate analysis of association between vitamin D status and all-cause and cause-specific mortality among different BMI/WC groups

First, we analyzed the association of obesity levels or vitamin D status with mortality in the total sample (Tables 2, 3). The results indicated that obesity, abdominal obesity, vitamin D insufficiency and vitamin D deficiency were associated with increased risk for all-cause mortality and CVD mortality. Interestingly and unexpectedly, all-cause and CVD mortality HRs for vitamin D deficiency/insufficiency were higher than HRs for obesity/abdominal obesity. Vitamin D deficiency was associated with the highest risk for all-cause and CVD mortality. Interestingly, overweight had a protective effect on all-cause mortality. Regarding cancer-mortality, only vitamin D insufficiency and deficiency were associated with the increased risk. We also provide the HRs of all included covariates for all-cause and cause-specific mortality in the models which included both vitamin D status and BMI or WC categories (Supplementary Tables 2, 3). Results were very similar, with again much higher HRs for vitamin D status vs. obesity status regarding all-cause and CVD mortality, with vitamin D deficiency bringing the highest risk. For cancer-mortality, only vitamin D status was a significant predictor, with both insufficiency and deficiency contributing to the higher risk (but deficiency contributed more). Adjusting for obesity level negligibly changed significance for vitamin D status HRs. Regarding other covariates, only leisure-time physical activity was not associated with mortality rates. Smoking brought the highest risk for all three mortalities (Supplementary Tables 2, 3).


TABLE 2    The associations of different obesity levels with all-cause and cause-specific mortality in NHANES III and NHANES 2001–2014: HRs (95% CIs) for different BMI categories.
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TABLE 3    The associations of serum vitamin D status with all-cause and cause-specific mortality in NHANES III and NHANES 2001–2014: HRs (95% CIs) for different vitamin D status categories.
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Next, we performed analyses to see the additive effects of vitamin D status and obesity levels, by comparing with the risk in “normal weight, vitamin D sufficient” subjects. In the whole sample analyses, there was the highest risk of all-cause and CVD mortality in participants with both obesity and vitamin D deficiency (Table 4). It is observable that through all BMI/WC categories, with deterioration of the vitamin D status, the risk for all-cause and CVD mortality gradually increases. The highest impact of joint vitamin D deficiency and obesity/abdominal obesity was on CVD mortality. Interestingly, the impact of vitamin D deficiency much overcame the effect of obesity for all-cause and CVD mortality. Actually, for all-cause mortality, among vitamin D sufficient subjects the effect of obesity was not significant, while overweight even had a protective effect. Regarding cancer mortality, only vitamin D status was associated with the increased risk, and on the highest risk were vitamin D deficient normal weight/not-abdominally obese subjects, then vitamin D deficient overweight subjects.


TABLE 4    The interaction effect of serum vitamin D status and obesity levels on all-cause and cause-specific mortality in NHANES III and NHANES 2001–2014: HRs (95% CIs) across different vitamin D status and obesity sub-categories.
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We further stratified the association between vitamin D status and mortality by different BMI/WC categories, with adjustments for age, race, gender, educational level, family income to poverty ratio, leisure-time physical activity, smoking, and drinking, to see in which BMI/WC category the effect of vitamin D deficiency/insufficiency will be the highest (Tables 5, 6 and Figure 1).


TABLE 5    Stratified HRs (95% CIs) across different BMI categories and additive effect of serum 25(OH)D status on all-cause and cause-specific mortality in NHANES III and NHANES 2001–2014.
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TABLE 6    Stratified HRs (95% CIs) across different WC categories and additive effect of serum 25(OH)D status on all-cause and cause-specific mortality in NHANES III and NHANES 2001–2014.

[image: Table 6]



[image: image]

FIGURE 1
Association between 25(OH)D concentration and mortality by BMI/WC. All models adjusted for age, race, gender, educational level, ratio of family income to poverty, leisure-time physical activity, smoking, and drinking. *P < 0.05. HR, hazard ratio; CI, confidence interval; CVD, cardiovascular disease.


In all BMI- and WC-categories, both insufficiency and deficiency of vitamin D were additional risk factors for all-cause mortality. The participants with vitamin D deficiency had the most increased risk of all-cause mortality compared with those with vitamin D sufficiency, across all categories of BMI and WC. The participants with vitamin D insufficiency had also the significantly higher risk of all-cause mortality compared with vitamin D sufficiency, but the risk was lower compared with vitamin D deficiency (Tables 5, 6). Across all BMI/WC categories, the risk vitamin D insufficiency/deficiency quite equally increased, but seems that highest effect was among normal weight and not abdominally obese subjects (Figure 1).

For CVD mortality, our data showed that the insufficient vitamin D status was an additional risk factor only in the normal weight and non-abdominally obese subjects, while in obese and abdominally obese subjects it only approached statistical significance. In contrast, vitamin D deficiency was an additional risk factor for CVD mortality in all BMI and WC-subgroups (Tables 5, 6 and Figure 1).

Regarding cancer mortality, the additive effect of vitamin D deficiency was seen in all BMI/WC categories, except in obese subjects, while the additive effect of vitamin D insufficiency was seen only in non-abdominally obese subjects. Interestingly, there was an additive effect of vitamin D surplus (levels above 50 ng/ml) and obesity on the risk for cancer mortality (Table 4). Actually, only in obese subjects the vitamin D surplus was associated with the increased risk for cancer mortality (Table 5). This observation is interesting and requires further exploration, but due to particularly small number of subjects in that category (only 4), it is not possible to draw proper concussion.

The results of our supplementary models were consistent with the results of the presented main models (Supplementary Table 4), with difference that the effect of vitamin D insufficiency on was also observed in obese and abdominally obese subjects. We also repeated analyses in the main models after excluding the participants with missing any of the main covariates, and the results were very similar, with only difference that the effect of vitamin D deficiency was no more seen in obese and abdominally-obese subjects for CVD mortality, nor was seen the effect of vitamin D surplus on cancer mortality (Supplementary Tables 5–8).




Discussion


Overall mortality

Our study, based on a large prospective cohort, indicated that lower levels of serum vitamin D were significantly associated with higher all-cause mortality. This was consistent with some data from previous research (36, 37). Additionally, there was an additive effect of the vitamin D both insufficiency and deficiency on all-cause mortality in all BMI/WC categories. It is well-known that obesity is one of the main risk factors for pre-mature death, and among examined 87 risk factors for pre-mature death, high BMI was on the fifth place, according to the Global burden of disease study report from 1990–2019 (38). Therefore, we expected that obesity will have much more significant impact on overall mortality, compared with vitamin D status. Nevertheless, the results from this study have shown quite the opposite: the impact of vitamin D status overcome the impact of overweight and obesity, since in our Cox regression models for overall mortality, HRs for vitamin D both insufficiency and deficiency were much higher, compared with HRs for overweight and obesity, which was an expected finding (actually, overweight had a protective effect). The explanations for the additive effects of obesity and vitamin D deficiency on overall mortality are not clear. Since CVD mortality was even more connected with additive effect of vitamin D status and obesity, it could be projected the effect on overall mortality was mostly conveyed through the effect on CVD mortality. In our study, CVD mortality represented only about one fifth of total mortality, but we did not include all surveys for assessing CVD mortality, and proportion of this mortality must be higher. Additionally, mortality of many other diseases and conditions can be associated with vitamin D status and obesity, e.g., mortality from respiratory diseases, infective diseases or some other chronic diseases, including endocrine (diabetes), neurological, kidney diseases, rheumatoid diseases, etc. (37). The mechanisms of the association between vitamin D and obesity can be multiple. Not only is there a simple dilution of vitamin D by increased fat deposits and plasma volume, but also some studies have indicated that in obesity the rate of uptake up vitamin D in adipose tissue may be increased, together with the increased rate of its inactivation/catabolism and elimination, and decreased rate of synthesis and absorption (6, 39, 40). Therefore, obese participants may need more vitamin D in order to maintain adequate status of serum vitamin D (5, 41, 42). With higher sequestration of vitamin D in adipose tissue, there will be much lower bioavailability of vitamin D for many other tissues, and it is known that vitamin D has numerous physiological effects (apart from the effect on calcium and phosphorus metabolism in bones and risk for fractures), including hormonal, metabolic, anti-oxidative, anti-proliferative, anti-infective, and immuno-modulatory actions. All these mechanisms may explain the higher risk for overall mortality in participants with both obesity and vitamin D deficiency.



Cardiovascular diseases mortality

With respect to CVD mortality, our results showed again that there was a strong additive effect of vitamin D deficiency and obesity, since participants with both obesity and vitamin D deficiency had the highest risk for CVD mortality, compared with other categories: almost 2.1 times higher than in vitamin D sufficient normal weight subjects. In contrast, obesity alone, or vitamin D deficiency alone, had only 1.3 and 1.6 times increased risk, respectively. Interestingly and unexpectedly, the effect of overweight alone on CVD mortality was not observed. In stratified analyses, in all BMI/WC categories there was the additive effect of vitamin D deficiency, but for vitamin D insufficiency, the significant additive effect was only seen in normal weight and non-abdominally obese subjects. The possible reasons are that the effect of overweight/obesity and abdominal obesity overcomes the effect of vitamin D insufficiency on CVD mortality. Moreover, for CVD mortality we only included participants from NHANES III and NHANES 2001–2010, so the smaller number of participants probably did not allow to reach significance, even though the additive effect was still present. Additionally, there can be a cut-off level in vitamin D levels, under which an additive effect of vitamin D insufficiency on the risk for CVD mortality can be observed (37). Similarly, as for the all-cause mortality, with higher sequestration of vitamin D in adipose tissue, there will be much lower bioavailability of vitamin D for other tissues, which may have adverse effects on cardiovascular system, since vitamin D was shown as potent regulator of its components, despite some controversy on the particular mechanisms and outcomes (43–46). Our results on the effect of vitamin D status on CVD mortality are in accordance with the data from the recent systematic review by Heat et al. (47), which showed the evidence for the association in observational studies. However, the data from intervention studies did not show a significant effect, which indicates a probable confounding effect in observational studies (47).



Cancer mortality

It is worth noting that in our study, we observed the effect of vitamin D both deficiency and insufficiency on increased risk for cancer mortality, but the effect of obesity was not observed. In the whole sample, the highest increased risk was seen among vitamin D deficient normal weight/not-abdominally obese participants, then overweight participants. In the stratified analyses, the effect of vitamin D insufficiency/deficiency did not reach statistical significance in some weight categories, probably due to small numbers included. Interestingly, there was an additive effect of vitamin D surplus on the increased risk for cancer mortality among obese participants, both in whole sample and stratified analyses. However, because of small number of these participants (only 4), there could not be reliable conclusions and additional studies are needed. Our data are in accordance with the results from other studies, which show that vitamin D both deficiency and surplus may be associated with the increased risk for cancer mortality (37, 48–52). Better vitamin D status was associated with reduced mortality for breast cancer, colorectal cancer, prostate cancer, pancreatic cancer and hematological malignancies (37). Trials with vitamin D3 supplementation also show potential effect on reduced cancer mortality (53, 54). Interestingly, data show that vitamin D status was not associated with the increased risk for cancer incidence, indicating that vitamin D status might be more involved in cancer progression than initial cancerogenesis (37).



Study limitation

The main limitation of this study is that BMI, WC, and vitamin D concentrations were assessed only at one time point, at the baseline of quite long follow-up, so both vitamin D and obesity status could change in the meantime and we do not have insight into their dynamics, making reliability of our associations questionable. This is a common limitation of the long-term cohort prospective studies having only one time point measurement of the examined modifiable risk factors. Second, vitamin D levels may vary with season (55), and our data did not include the season of vitamin D measurement, as very important covariate, since relevant data were not available in NHANES III (3). Moreover, we also did not include data on sunlight exposure or latitude/altitude in the analyses, but surveys indicate that despite relatively sufficient sunshine, the prevalence of vitamin D deficiency is still high in Africa, India, Australia, Asia, South America, and even the Middle East (5). Additionally, work time physical activity and physical activity when commuting to work were not included when assessing physical activity level, because the related data was only available in NHANES 2001–2014. We used only one 24 h dietary recall to obtain data on dietary and alcohol intakes, which is probably not enough to adequately assese usual intakes. Even though we included multiple covariates, probably some other covariates could be also considered (e.g., existence of certain chronic diseases at baseline, medication usage, level of stress, professional, and environmental risk factors, etc.). Although we had a quite large number of included participants, for CVD mortality we had only data from NHANES III and NHANES 2001–2010, because data on CVD mortality were not available in the US National Death Index matched mortality datasets after December 31, 2011. Additionally, we used multiple imputation to deal with the missing covariates data, which may also affect the results. To avoid this issue, we repeated our analyses with omitting subjects with missing data, and results showed just a small difference, particularly in obesity subgroups. This may be because most of the excluded participants were obese, and smaller number of the participants remaining for analyses did not allow to reach statistical significance for some analyses. Finally, the data refer to average US population aged 20–79 years, the findings may not be generalizable to other populations and beyond this age range.




Conclusion

Our results showed that there was an additive effect of the vitamin D insufficiency/deficiency on the increased risk for all-cause and CVD mortality across all BMI/WC categories, with deficiency having much stronger effect than insufficiency. Regarding cancer mortality, vitamin D deficiency significantly increased the risk in all BMI/WC categories, except among obese subjects. The highest risk for all-cause and CVD mortality was observed among vitamin D deficient and obese/abdominally obese subjects, while for cancer mortality among vitamin D deficient and normal weight/non-abdominally obese subjects. Importantly, in our study the effect of vitamin D insufficiency overcame the effect of obesity/abdominal obesity on mortality. Maintaining sufficient serum vitamin D levels may help reduce mortality, particularly in populations at high risk. More long-term and large-scale prospective cohort studies and randomized controlled trials are required to test our findings.
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Dataare N (% by column/% by row) or mean (95% CI). *There were statistical differences among different BMI categories (P < 0.001). P-values were calculated using analysis of variance
with post-hoc Bonferroni test and 2 test for continuous and categorical variables, respectively. The same superscript indicates statistically significant difference between the two groups
(P < 0.05). P-values have been corrected by the Bonferroni method. CVD, cardiovascular disease; BMI, body mass index.
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All models were adjusted for age, race, gender, educational level, ratio of family income to poverty, leisure-time physical activity, smoking, and drinking. *P < 0.05. HR, hazard ratio; CI,
confidence interval; CVD, cardiovascular disease; WC, waist circumference.
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All models were adjusted for age, race, gender, educational level, ratio of family income to poverty, leisure-time physical activity, smoking, and drinking. *P < 0.05. HR, hazard ratio; CI,
confidence interval; BMI, body mass index; CVD, cardiovascular disease.





